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Attention end Problem Solving pagI Attention end Problem Soiving P-9e

The development of theories of attention and the

Study of problem solving represent distinct traditions in

a Unified Model of Attention and Problem Solving * the study of cognition. In this paper oe preent a model

Earl Hunt of human performanc that 1. Intended to Intstate

Th. Univlerity of Veshington theoretical concept# detved from the two fields. To

.ad concepts are central to the model. One Idea, taken from

Nar.y Lmnsmn the study of problem solving. Is the Idea that thinking

Th. Uninersity of North Carolina et Chapel 11111 Oan he described as the activation of productions -

Patt-rn-action rules Chat constitute the elementary stepe

In problem solving. The second idea, taken from the -u~y

of memory and attention, Is that memory records can be

thOught of a a set of interconnected nodes, called a

semantic netnork. In Cemntio natnore model, memories

the netnork. le our model a produotton I8asooiasd

cite etoh node in the semantio netnork. and that

produ.tion i. erouse ahen the orrepondbn. nod. re..he.

a critical level of activity. The details of pattern

renogitisn snd prodaction arousal proceocs are spelled

( ut elo. Ben s ms the modei deals lob the interaction

betsesn spreading metinatiOn and prodaetionsesecutlon. it

will be referred to as the Production S.ti.ton "odel.

The model he been Implemented as a computer progrem.

S. .
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Attention and Problem Solving Page 3 Attention and Problem Solvil,e P.C. 4

This has &8d possible the simulation of a variety of Studies. (See, In aOrticular ew.l and Simon, 1972).

phenomena from the literature .o attention. httentional Since it contains a Semantic network. the model couid be

phenomena were chosen for simulation because they depend used to Simulate phenomena produced by semantic

upon the Interection between santin activation and activation. In computer terminology. the model can he

production execution. This contrast$ with phenomena tht looked upon a. an i.terpreter of broduction ytms.

depend Upon the characteristics of either the production Therefore it can execute any stmultion of problem solving

System, los., or the Semantic network, lone. To that Is Atated as a Production syotea program.

Illustrate, Nowell and 3imo'a (1972) siSulstion of human

problem Solving Vero determined entirely by the The attempt to deal with ottentional and problem

characteristics of produotion System* they used, Th*Jr Solving Phenome1S Witin the some model is h.II-nwng.

program did not contain an anaiog of a semantic network, becase Studies that foous on only one of the.e fields can

Ow the other hond, And ... n (1983, .. b) report. afford to ignore probIems that mat he dealt With by the

simulation of the fean effect,e the fact that the time other. Consider problem ncian. previoualy reported

taen to recsl S fact about an bject Increases with the production syete models have been .sed to Os.ulat. the

number of fact. that art known. Th. simulation of the ran accuracy of problem solving in situatian. In which the

effect depended ol Upon the process of aotivation in a subject ws aeked to perform a Ingile task. Without any

.emantlo network. constraint. on attertion. Thema Studie dealt With

neithe the time pressure• Involved un r oblemr olv n
d ,

The decision to focus 00 the iwter*etlon between weithe eet os iweoivwdcnrtimueoto. r !

semantic activation and production execution doe. not mean The produotion activation model deals With bot,. On the

that the resulting Model Is Unable to handle phenomena other hand, theorler of the Activation of memories rarel,

that depend on either Process alone. Since the model is give a satisfactory oescription of the process by which

.0pabl. of e.SatIft productions, -t iwhorJt* the nioreaesd sctivation i translastd into action. A model

capability for simaulatIn problem solvinS that has already In which the units of memory are productions rather than

bee. d.sosamtrt.d tsr productio .. yt.. models in nuseros (ill-dmfined) eMgrm. makem the honn.otion ht.e.n
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.otlwtion and action eoplicit. further pattern recognitionn .ill be called the

-controlled' information processing sequence. in

This paper i organiend into three sectione. The addition, stimulus preseta tion 1. assumed to Ititate en

firat containa . description of the model and the "automatic- procesIng -equ4nce that benaves in quite a

aieuiaiioO progras. The scond present. the results of different wap. Instead of relying on pattern recognitin

simulatlons of some or the phenomena seen in popular guided by information in working memory, the automatic

paradigm. of the ettention and performance literature. processing sequence relies upon the spread of activation

The paper doe not go into. great detail In dlosussing an, levels from one engram In memory to associates of that

oe simulation, ethos the Intent It to show the breadth of eagra, withoot involving the eurhik memory aoetam. in

the model rather tie to explora Ite poteantial for depth the following section, theae two systems are d.ecribed in

of .. plenetiae. (Subeed t, .,.ore ep.e hOaISd popers .a detail.

planned to discuss each of the alslation in more

detail.) The third ntion dice the pCyohntnroill . LEr AAA

siaitfonno. f the model, and noepares it to other models

,of meetel aotion, hA mentioned above, controlled processing can be

envisaged as the operation of a production system

Dase-rptioe of the model interpreter (Newell, 1973). Such Interpreters contai two

parts: a set of productions (pattern-action slra) stored

We assume that When a stimulus is presented two In long term memory, ad a himOkoard area that contins

eoncurreet Ieformation processing sequence. are tiiti4ted. Information about the current situation. At each cycle

One involves a pattern recognition proesed Ahat mlinJhlts the pattern part. of all productions are compared to

when a label identifying the stimulus Is planed In vawhing rformation on the 'laehboard. if any patterne a

memory. The label provides an Interpretation of the r:oonjeod, cee or more of ihe associated actions are

stimulus that wee serve s a trigger for further antins. tanee. Figure 1 shoos the relatiohshiphe ates. the

This sequmoom of patter. renognitioue, actinsh. and blan hoard ad long-term memory Utilizad in the Productioa

4
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Activation Nodal. The blackboard itself is divided into code. If ths label i. 1 ne ...sry cod. It Io Pla1ed 11

toe.. ares: to. .. to ofretr channel. (0. ...s Anod either the -auditory- or -visual" ohannel of the worklng

one auditory) that contain Information presented to the meory area. These channels provide a ear for the syse

system, and a working memory area that contains to respond to internally generated stimuli, represented as

intorsetion that the syate. Itself generates a, it sensory codes. The Inuernol channels are thus analogous to

Interprets problem aolviS situations. Baddeley's (1976) concept of auditory and visual tuffero

in working memory.

Pigure 1 here

If the internal label IS in the seeontlo code, it oaf

be placed in any of the th several semantic channels in

The information flow Iaplict is fige I sill no be the working memory area. badde!ey and others have

d.forton 1. placed i. the se.inal 1. stressed the need for e madality free representation of

by the Oenvironsent,- i.e., by a process outside the scope information in Corking AeAry. The semantic code provides

of the model itself. The Information presented sa be such A represetation.

jn either an 'audltory- or a avlual code. These name.

have been ohosen for their obvious analogy to Sensory The productions in long-term memory continually are

mod.Iltiea, but coMpuatotisaly tNA only distinction satched against both the external and working memory

between the. de that the stdcald are described do tharoels. Thos oenfiguratis of oorkilnasseort eat

different Iodes. Isforeetlon is the eterhal ohasnela s theslves serve as stishli for further acion. For

examined by the produtlona aveilable is long-term meor, exaple, suppose that te stimuli were placed On separate

When as Anditery or visa pattern Is rocogedeed. an external ni.a! channel.. The model could be "progresed'

internaI label for ibe stimulus 1. placed is the working (i.e., provided with an appropriate prod-ction syet.e)

Aesory area. The internal label may either be 10 the that would select one of then. place it in the visual

(eaudltory or visual) seaneory ode In wbih the stimulus Ilannel of working ecory, and then ue the Internal

wea presented, or It may be in an internal -emantin cods as. t t plac. A t.n

vielcd s• tjlet iee•8unl
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Inteprotations of the arigin." stimulus in the semantic productions is executed i an order that Is determined by

workin g amory ea. their level of *ciinatitn. Th. first step in controlled

processing Is determination of the extent to which there

Th* following .. moe, whiob i- based on an actual Is a match between the stimulus and each or the patterns

simulation study, illustrates the process In more detail. in long. t.rm memOry. A complete model of ho stimuli and

Consider a to-ohol.. reaction time study in which either patterns are matched wOuld cons.ti tute a theory of

of two Vimal stimuli - Stimulus I or Stimulus 2 - can be pereption which Is quite beyond the scope Or our work.

presented. The aubjecte. task is to identity the Instead of inoluding such a theory, the model Include.

stimulus, by making *esponee 1 It Stimulus I has been pattern recognition process that is proposed Ae

presented and Nespone 2 If Stimulus 2 has been presented. sufficiently descriptive or human porception for our

d production system can he construoted ing tee pairs of purposes.

rule.:

The otiulus to represented as an ordered list or

I. If stimulus X ( .1.2) appears on a visual features, drawn from a feature alphabet, or code,

qhannel, place the signln eracoeniced stimulus o In appropriate to that particular type of stimulus. Distinct

working memory. Two productions are reqoired, one for similarity matrices a e associated with auditory. visual,

ec value of o. end .emantic .odes. The (IJIth entry of this matrix ix a

number, between nero and one, indicating the extent to

2. If the .enml 
5

r-oogns.d etimulus e Is in which the ith value or a feature ie that code resembles

workieg memory make response n. the Jth value., for example, If the stimuli were figure.

of varying shape, the entry for (triangle, circle) Would

The condition part or a rule (the si- cles) nill be near nero, end the entry for 0cirole, ellipse) nould be

be referred to am the pettere of a Production. Tha eear one. The diagonal (11) entries of ths feeture matrix

consmeqent pert (the Athene clause) wiii be referred to as are always one, Indicoting that a stimulus feature moft

the aotion. te cestrolled precessing, a sequence ot rese.hie. Itself.

....- -



-I

Attention and Problem Solving ?.e. I Attention and Problem Solving Pas, 12

The similarity matrix notation provides a rIqXlble .(J) eim((),p)

.ay of describing features., *in. it alios for the J.1

possibility of a confusion without requiring that all (I) esmlan o f-- -.-

conceivable confuslons be permited. Per Instanne, a stimulus to k

stimulus similarity matrix could be constructed to permit pattern ei (J)

confuoion between Color* (e.g., red end orange) or forms J.1

(triangle and square) but never between color. and forms.

Pehologically It would be more realistic to think of in this equation, k is the number of features in the

.ob-diotionarle (and 0oofueeon Matrioes) within a large etimul.. and the pattern. .(J) Is the jth fetur. of the

dictionary of ,deumt or aeostfc feature*. In practice, stimulus, p(j) Is the jth feature In the

it 1e easier to maintain a Vingl dleotithary for each type pttern,mim(.(J).p(J)) Is the similerity of featur es(J)

of .eeaory node, to feature p(j). as specified by the similerity metric.

Patterns ore defined by ordered lists of paire, end w() ia the height of the sit featore In the pattern.

(f), where f 10 a feature in the appropriate code end w The possbllty that a stimulus may not contain .li the

It en indicator of the Importaee of the feature to the featurea of a pattern ( or vie. verse) can be handled by

petters. The nedoC of n map nary from -T to h, depe~ding includlng e noil code nithin each code dictionry. Thc

On veether tO. feature is costraindicated. irrelent null ode most not resembie enb other cods, I.*.. the

(v.0) or mendatory. The resemblance of a stimulu to a off.diseonel antrte for the null row of the smilarity

pattern Is omputed using Lue's (1956) cholce rule, matrix Must be zero.

in em experlments patterns must differentiate

between the apPearmeeo of a timulu Otn an expected or en

useopmcted chenel. This distinction Is Particularly

importest 10 atodiem of divided attention, .h.er a person

41Ii
-Y.'.f
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sap be told to reset to the presence of a algaal In the variable that take am It. value a vector or feature.

right but not tbs left oar, or to a alnal to the right The Pattern part of each production I, slmilarly a vector

but not th left of the WIl.al field. To allow for Ibis of feature, Rod -porceptIonO 1. the process of Oup.,Ing

possibility, a pattern to further defined to have an lbs calue Of ae to the pattern port of a

additional aresture," correspondlng to the channel on produotion. This establishea a hierarchy or ditmension of

wblcb the tmulu. to expeoted. The Importabne of varltio for stimuli. Stimuli my differ I their

tioului loation is apoid by stating a Channel featrae., and differ t0 the channel on which they appear.

.light. . varying from 0 to 1, uberm oa lndicae that The dlttntion Is computational,, Important in iba model.

the a...e Is Irrelevant, Snd t.1 lIndioaes that the because patterns ars first &etcbed to stisull by computing

patter0 Is defined eoluslvaly for one chsnnel. The a wlghted ou of matchs bsee on corroepOndlnh featurea.

stroagth of a match botween a stimulus and a pattern Is &ad tbs raultJbg valu thou OhliplIod by a weight

tbs. computed by the rule determined by the Ohsnnel. to alternative hobe. would be

to Iroa 5 obsoosi Os S odditios featare of tbs

resemblance If tlb Slltulua stlgs. Consld., vial flsarsa that marred in ahapo

1 o0 lbs oapO~led abs~ssi 0100. Sad 0010, ibap 4 .als ore dte erslcld by -oato.

sod 00lor Ia ot. Should oalor be consldered a. faure
atc betweento ded -1 -"t shP. and si., or ehould Ioulatioa

(2) atletl and ho able to treat color In I cooMplotly dlffhrsot sanor;

pattern I .. us s oban.l? we bo.s ohome. the alte..t if of

(1-H)remaoblae.o) If the distinguishlng between obnn.. s and fast.,.,. Th.

stimulu 10 00 an lmplication of the other alternative hen0ot been

.aotlolpatd channl. studied.

Th* dIstimetlo betsoso channels and features *o .1n1. 10 Rd. that tb *181rity cosptatstloo rule

deserveso menot. Coupstationtlly, a cbncel is so arrap 15 8 thorly of perception. (It would be of lotoroat to

._ -"OL,
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rPlace the rul with 0 psohologicaly more justifiable computation. itbin . cyle tok, ce rfoctionily I.

on.) 0o10o the simlasrity computation rul allows us to para11le. 1thin a cycle, at %( semantic, visual.

proceed with the task of studying the post recognition or acoustic pattern mo be sle Oooexecuation.

phenomena simulate4 by the Produotion Aotiation Mod1 Therefore, patterns within a al --sillty (or cod.) or.

Itself. This point to developed in more detail In the compared with o0 another to d,. oX Oi .000, If may

general di.usion section. wll1 be selected. Th. conditions - -8election or.

Tbe stimulus complex may 0onta.1 information that I. Th. pattern'. mclivation level set be above

matches several patterns to varyin0 degree,. Therefore preset threshold that 1. a characteristic of the battern.

a oonfliet reolution rulel is required to dotermine *ad

w1ch production Is to bow. its onOOloted oction

*located. Conflict resolution is a general oharacteristic 2. The activation level of the selected production

of ptodeotion system. (NnDormott and Porgy. 1978). In the must exceed the activation level of any other pattern

Prodootion Activation Nodel, lb. pattern part of eah stated In the ..n. code by s0 mount, DILTA. that 10

production 0e associated with it a bon-neSntive real parameter of the 07te.

00b, :. 00il. itO entireties lewel. 00., bt 001F

son, of the fotr. involved in dter ining an actiwation Th fact that the controlled 0y0te0 cn respond to at

level Is the extent to which the pattern maeroes some part most one emantic, one visual, and on aoustic pattern

or the stimulus compie. The other factor. are explained :ithin 0 a10igle y10 viii Io reforrod to as the

beow. Th* Important point here is that the conflict nbottleneck condition.- The point. at which production.

resoltion rule is a procedure for comparing activation compete for action selection will be referred to as

le.l0. bottleneck points. The Production Activation Model

contains three bottleneck points, one oceoocited with each

An a 0eaprtatioaa1 dovice, the prograns state 1. of the odes.

computed for fiate steps of time, clled 0ys,1.. ill
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A stronI restrlotion of the model A. that pattarns stlmulus mut consist of not more than k
I 

elements from a

ar. stated i torms of the feature* on a sinsle channel, finlia Code.

Thus it Is sot Possiblo to define a pattarn a. tr.. of

oonOret eataer., oa tuo obanest*. I.e., In term. of a There Is anOther restriction, not ltateable in the

multimodal stimulus omples. It to possible for the terminology of Turing machines bt tat.abl. by reference

system to reast to multl-hann l, ulti.oodod stimulus to the Produotion Acinition .Model, that may be far more

Complexn by reoning the oomponent. of theme oo.pleaa to important in limiting human Capaclty. It I. the Concept of

internal stimul is the smantis sode, had then reaotlag Int.rroptabillt7. Furthermore, this restriction Interacts

to the Construoted .... stio stimulua. Th point 1. that aith lamitationsa In the sie of working Memory. Imagine

intervention by the controlled system it always required that the Production Activnation Wodl, or some similar

to menstruat sob on Internal ystem. 'there 1. no say device, contains a production system that is liogicaly

that to* BYm.05 can reat to mutl-obhnaol Stimuli within sufficient .o do an arbitrarily chosen calculation after a

.1.61. tias Cycle. minimum of n steps In > 0). Supposa further that there Is

toms prohlity, q. that ny arbitrarily oaso:n stp may

f 0i o Ca.auta h.oaoC. of an interruption. Th t Ia, th

nootroll.d prssaasisg frmaosrh o? too. modal. r kms. dant11 i, thought of ms being embedded is an s nnironaent

unresatricted onomputig astems are equivalent to Turing in which high priority stimuli for produotfonb outside of

maohines, It is gonrally bald that they proide too mono to. nt in qustion appeared raodomly on an maternal

poser to he r.ll.tio peyohologiosi simotatina. boa Channel. If 5u0h 0 aignal appatra, it. proessing take.

a...I say to avoid the Problem ia to introduoe the priority oder the nompotaton ourrently being doss. Lst

restriction that patters must not exceed a fixed length, P(n) be the probahility of completing on n stop

0., that os014 be looked upon a. a limit on the apaotty omputation. Than

of vorhing memorp. There are than only a flaits number of
(3) Pin) al(i-q)

pomi prodaotlass, s~rraaposdisg to ths finite mohr
which h.oom. b.. trarily olose to nearo n C In-r.aa..

Of pasathly dI orimaathio stimuli, given that sash
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Finally, suppose that the sloe of s production pattern i. activation from several production., including itself. Ir

limited. The effect of this liitation would be to torte the Association link between two productions 14 negative

a large computation to be broken down Into Overl stops, (.(i.J) < 0) the sending production 1. said to inhibit the

thus Inoreasing n. Clearly the computlng power of the reouloinh production.

model 1. limited by the sioe of the pattern. that it to.

reCognize, sad that limltatlons t exoerbated by the fuct The two choice reaction time exnaple con be .otended

that the system 1. lnt.rrupthile by slrevntw timuli. to illustrate 1. autosatilc Iforctio proesin yts..

"Or@ it Is useful to think of Stimuli 1 snd 2 as

The dutowatts prooeuwtas O bate. soolated wth Responses I and 2 s a resu It of

instructions, training a-dor eti-uls-responae

The automatic procoswng system operatew In a quite Compatibility. For insta-n, suppose that Stiwulus I 1i

different .e.er tha. the controlled syste. It 1 best right arrow (-)') and Stimulus 2 a left arrow (.k.'), and

understood by oeoneptutllting each produotlon as a node In that Responses 1 and 2 conlit or the movement of a lorer

5 netork that Is similar to the semantic network. to the right or left, respectively. Figure 2 sho0 the

desorlhed by Collins and Loftus (1975) and Anderson network of associations that would be used to simulate

(1976,1983, uhl. T9e oonfletiofl between 50 two this sltuation. Three principles ere used In

produtlonsa lund 3. is sttd sosO ussooiution vIn.e, aoOAtrunting the network (1). They are

li,J), that tke .seas alue bet.ee I ad -I. If

production I has activation level X(lt) at time t. the 1. All productions ativate themselves, positivwly.

activation level of production j sill be lnoreased by the that ia, 0 ( i,I) ( I for el i.

emount r(I.J) n .(i,t) at ti.. t.t. Thus inforustion is

palmed free produotlon to production by spreedlng 2. Any production Whose action might product the

activatiow, evoidlng bottleneck points. All productions precondition for a subsequent production is positively

transmit Information about their activation level associated with the subsequent production. Thus the

s.ultsamouoly. d single production may send and receive production recognizlng Stimulus I prime. the production

'wf
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that would reoongoz tb. associated semantic signal. (To

illustrate, a(v>eal) > 0 in risrs 2.)
Decay. 4 t, and Refr.ctoriness

3. If the pattern parts of two production- represent

logically ebclusive interprntetions Of the stlaulus, then If the automatic system operated exactly as

the two produotlone inhibit each other. For thin reason, described, aottvntiie would sprea4 tbrough the System

a(•lvZ) ( 0 and (v2,.vl) < 0 in the figure. without limit. To l.old this, . decay mechanism baa been

Introduced. At the end of each time cycle. all activation

These rules were ohosen because they have been found levels are reduned by a ftied fraction d ( 0 < d < 1).

useful in a ucb.r Of studio- of *eIf orsnhntisa systes. (In all of Our work, d hat been set to .5) In addition,
Note that NM1* is a logical seing to lateral bin-ngOi l informatio proo elng systems ae assumed to
Inhibition, a phenomna. widely Observed to the nervous be Subject to Mior perturbation.. Thent perturbation.

system. The rale. have been applied to the oAteruotion are modeled by Adding a randonly distributed noise element
of aeasntiO noteorh a inll our ainuatin atadian. In ta eaoh produotion'c actication lecel daring each cycle.

addition. only o ae value sos is pereitted fur all edt The se eieant i. distribcted norali, nith aupactatcin

aeaoolstiona (a~i.iO, sil positice e oa iona, and all of o and a standard deviation. e. The e pnrsseter Ic

:::ht::e 8::o::t:o:e. The as alea cre sed in ail thought of as a ied . he"n.teritic ot an .diidui at a

the studis reported hre. The feat that ressoonble given point in tine. Incept where noted. a onet"et vae

rehults could be obtained witbout reocalculation Of of e nas Ued in all simulation.. fltiler decay and noise

parameters ldinatee that the model Is robust. ponsa are rqcired in virtually every asoonstive

neteork 1odel of learnlng and cognition.

Pigure 2 here In production e Csyuting Systeme, the aotivation level--------------- of a prodootlon 0ant be reduced once I'm Action 1. taken.

Othervlae the System will keep repeating ita neintion or

the same production until ne input i raoeivAd (MDrmott

. ' . , ./,

- • s2
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sd Poray, 1976). Is order to avoid this uodeairo.b1.
(In -pure- oholce rosetios studios such effect@ are

outse. a refractory proces bag be** introducoed.

statisticaily oontroiled by rndoNIOing the sequence ofMOSS S produoijo. in ..l.oted for sotlShtIoS Its

simulus presentat oos.) Choe. ro..tJon i.. and
threshold to r set to a valu e h lf a y b t wen its original

repetition paradigS. deal vit to. identlfication of
threshold and Its currant activation level. Subsequently,

single stimulus, that can be treated as a unitary peropt.th. threshold dooes toosrd It. origISns leve1 St a rot.
1. both pSadigno the participant isose sh.re snd .hs. the

determined by the decay paroaster. d. This lad0s s
stImolOS 0iii aOpper; the 0017 prohin. 10 to Identity It.

r.fr.otor 7 period, durin g bl1s b tio. n ew proauottos n : :t
By coatrOst, in do.) task studies; to or .or. sOtimli may

00 SotlOsted.
appar on a, • Igi trial. Typiclly the stituli will

appear St diferont p1.s.. 1n the partioipant's perooptual

Solected a..o1t. timid. TO. partloipoot st split atooten aoro tpa

This section presents a brief desoriptio. of molested dlfferent sources of Input. pnally, In *Stroop
s

results that have b.e obtained vith the Simulation psradigms two different otiluli are presented

ptogram. locults have been hosen to Illustrate fimultsneously. The to stimuli say 0e associated with

prinoiples rather than to present a completo explanation iaoompatiblt responses, The parttoipast'. took to to

of the pbooma 1 question. four experimental2 d attend :ost toparraoigotms stllos category,

will be considered. Th* first Is the choice romsotiof ties% 0hl .lorn othe sm.

paradigm. IS 0h01e rotion time Studies the participant

kove that exactly one of s limited number of stlSull viii Our Sloulution studies have focussed on Staple

he preoseted an sock trial. TWO tosok 1 to identify the versions of soc0 of these four paradigm@, In order to

.tlmolo s rapidly as possible. hi. situation was Illustrate the bst1 principles Of the Sodal. Th.

okos. for study beoause It ropromsets a protypleialp numerous complications that are possible within each

simple stimulus Identlfioation situation. topotitloo pRrediet 0111 sot ho dealt Vito oor.. P etr. papersth.lt

paradigms oooplleato the bhole. remotio paradigm by Coploro th. .imulstloa of t p:olfI. paraIt.s o Sonte,

iotrodolag carryover ofeot* from an* tris to another. detalil.

I-
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external repoes. i thie graph and all others each point

Chelo. SPSOCIS l tl Sp Studies las determined by averaging over roughly 1000 equivalent

Choie reaOtion tim. studies have produced a number trials. rIlUr. 3 also shows resilts Of a Study by Taylor

of highly r*plioablo phenomna, Son. of whiob have assumed (1982), using huan subject.. Ciearly the results with

the status of -louse I psycholOgy. the'simlItiro -11- the human reUlt. up to . ratio

tra sforation (lIllocoads per cycle).

1. 5 . Th. Illustrative Semple dealt lith a ---------------

two ol reaotion time study, i.e., on any trial. On* of figure 3 her.

two stimuli appear. Chela. remotioen time studio& may be --------------

extended to 0-oholoo studlo., by allowing the presentation 2. SOpid.incura -or ap re . Th. rwletion bt....

of asy owe of n prw-defild stimuli on a gives trial. As speed And sccuraey of reeponding In oho.o situation. hi
l

before, oeaa stimulus 1w aseooietd4 with a .1051. been the sIwjate of Ooniderabl. Study. If a person

t ape.i If Swob of the a StIli are eqeiprohable, see up i/his, reaponse in a pattloelar rhao

average raaotiow tip. iworeawee we a fenotioa of the Situation the yrobwhiiitt of So error tworeawaw. lb.

Logarithm of the nmber of possible ctlu. This fleding relatioo btwite probhibiity of correot response nd tie.

i kown e -Nick-. Law.- taken to respond is almst always & monotonically

Increasing, Aoegtively accelerated function (Panell,

A. S-choe resetion time study was siulated by 19Te). O the other heed, obanles in either the

&Spending the produotion Syatem. and networks Shown in condltion. of the task or the ftat. of the ladividaai that

Table I ae Figers I to allow for 2, 4, or S stimuli :ad produce Slower reaoti.o tiwe almost elegy. Si&o Imar....

rlepoaael. The results are shown Is Figura 3, where * the freq
u

e
n

ec of *rrorl. Th.a. two affectS viii b

sumepr of time iblob plots the relation between nmber of refero to as the negative ad Positive apoed-aouracy

choioe@ (on a logaritbic seali) aed the nmber of time relatlo..

*Yale& before a reepomhe. Olospowse
I 

referm to the

eoecetloI of a Pragmatio whoe mollo iseisd4 an Both the neative add thL positive relatios ma be

WE



Attention and Problem Solving Page 27 Attention And Problem Soling page 28

produc4 by tho simulation, by mnipulating difer.ent i. d

par...term. Piaur. 4 shoy. the effrot of manipulating the

DELTA por...tor. Rells that this parameter determines the -----------------

extent of 4do0len o thbt a produotlo. seut hae over its figures 4, 5 her.

competitors, beore Its assooiated aOcton is taken. -----------------

Loosely. at high volume of DELTIA coflict r..Ollutto take.

longer, but to 1*.8 likely to reslt from random LtA lOn 000o011 n : 1. too hute. CRT

flotuatlonl In prodaotlo. -Otivation 0lee.. Th.. tine01lln0l to poo t15 o 0 function both of the

mnipulating DELTA will produoc a negative speod.couracy :holes Available on the currot trlul and thu rolotlon

relotlO iotncun too urrent 004 thu prollOUl tr alls. Thr. or. t:o

oupoot• to thtu rAlltiOolhlp; tba oafoet .f th1 0Aqocon

Figure 5 lhu. too dittlr.0t coyl of prodolog of 0tl.11 prlllntld 004 thu 0110.t or tho
positive po~d-OoOUTooy reiatioo. igr. Ii woo produod rulpooo.-tluu. 1,1.r00. I.. tOO tise 00.00n Obo

by holdiog Ih. DELTA parameter constant a0d arylog the ooourmnos of A rampens@ . Ad the pr0...t:t... of A 000

A1. of thu poloe persaotor. iooraokolog th u es h. of10t1he. Tb. two V5r15h100 l~t*,50t to prhduoc riP

sols paraeter both slowed respondinlg ad door.seed .140 .sriuton• 1. thv reIpono ti. A obeqmnt bIpr

aomrao0. This 000 h thought of Go belng an analog of :111 present the •1000010o0 otor-tresi Offooto In

studies thot compaeos rOpolidlg across people of OOoldrolhi: 0Gt0l0 . No. OnRi the baic phenomena w1ll

ditfor~Io iOtlltlas proOOlog ohraOteristisO e.g. h preAn Ad.

p lO p~l o f l l rb dld y d if f e r nt .5 0 . ig r 5 s u ho o l 0

p05*t0,0 .:p.od-aeo.r rolatlon produced by hoiiA thr 0 LLk o defined to be the presentaton or

DlLtA and 001ls parameter. oltant. and varying the the es. elquor0ce on two or more suoe-l1. atll. A.

parameter stlhihlll the lilm0iolr between the two alta aBla Is dotlifd to h the presentation of

vl.l stimll. This is analogos to piott l dat rro difrorsot stiusil on OuOoessivo trials. 0h011 &A

on OEplrlost 10 whiOh the 8tisoll to be identified vary liternation oOsld b defilnd for llperilsote IolIg 001

,5.

i -i 
i-
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number of .t1.ul only the 2-0hoic experiment illI be 1a sufficiently lng as that the d...y pr... redu..a the

cosldered here. Thus If the stIwI are arbitrarily activation lev.l of all produotiono tO some lw, near-oro

labeled i ad 2 . repetitive aqueos would b. . .equ..c value.

of reposted pre0a0teIo6, a. 1 1..I..1.., wile

JltOrotlon ould be represented by the .queeon Alternation effects or. generally accounted for by

1..2....2. An experimnt by Kirby (1976) provides & good .aUsing that the do.1tlao make, be. . a... or 1o

Illustration or the bas.1 phooomea. *spo..O to 0onsc0ou blob against 0xpetn otimul. reptitons,

repetitive sequences were rapid at a reoponso-etImulu, 1.0. a crudo version of the famous gambler's fallacy

Interval (is) or 50 10810, wh1le ropoos.e to lteornating (Kirby, 1976). This assumption 0an be modeled by .8..1L

.q4..oo. yo. rapid at 0a Sal of 2000 Base. that thore exist produttions In the controlled ss. that

bias the program toward Alternation. To sllate su0h an

300be produo~tio ootlfltloo 004.1 sneerers oro to. offrot two addltlonal produotloo8 ero tddod to the

short 301 repetltion afflots 001017 07 to. .wtvl~tloO or 0roduot1on iylt*0 ror 10. 0001.s Ieuotlor 11. latloo, I 0e

t o automaltio s71. &*sun* that a sorriet respone. to rrt 0roduotioo hod uu Itl pattern thu tl*iufu that

*IJol.. I Oba Just boo prodao4o. By defiuttio. th. ruoposa. I 0. d 00urd. Ihe 010er pIttero rro :loed to.t

aotivatlon lvels of the prodootlons asilated with reeposo 2 hid ooourr.d. 0p00 r.ce alltoa of r.opooue 1,

ldentifit.Otio of. nd relpoodiag to, ltilul I will have * atlI o, t0: 1:Propl:to podoto: : 1pl.a04 .

bos h1he 100n the actilvtlo levels of asy competinl gtnoally |insttd stlulol toit rllllhlod st.110U0 2 10

produotlon. 1. foot. the only th0 that keOps th. the vlual work:a Is e0ry o... 10 oooptioi term.,

rposlol from bolds repeated to the temporarily l0ltd greOsablOdO liply sans thot the attmulus Slilarlty

rospo nso th re hol d o f th e p odw otloo produ l n th A.1t0. o n the ct0 l timu lu s 2 nd It. latofaall y $ * -s r otsd

response. If the s tlimlus l fflOratIOa 1. .OpocttlOo on great., ti Sure. though lan thi. 1, an

ro-proO&Sted. 0 tho Ot tril, the AutomatiO 0yste will 000 n10 f 1,6 00l tho rloo.bl0l0O .110000 the lot.oal

already b 0led toar4 proiuotiom of the appropriate aItol.. 004 0tlos1l In . ollowlog the tergloOlOgy use4 by

response. lowevr. tho 010 Os be ll1leltOd It th. l21 ?*.e, (1938). t01 0a0 bo thOught of as Ao Isternally

- . 0 +,+++.



- -a

Attention and Problem Solving Page 31 Attention and Problem Solving Page 32

$*--rated 1g0nl1 that prime. tho produotlon. aOOisted ondition. A. in the model. there I . r..tition affect

with ldsAtillng tlmlu. 2. The produotion or but not an alternation offset.

recognizsng response 2 primed the Productlon* assooiated

with recognizing Atimulus 1 In a siilar snner. Clearly Pigure 7 presents similar date for long ISI-s. Peal

thoe prodtion., 0OtS,
8 

&Ion., would produce an A shoew the result of modal r... that contained and

alternation effset, boi.... the Presence of the prIsjng introdoing a blank period (I.*. so stimulus present) of

igneal Is working memory co.ld effeotively lower the ai. internal 701e botoen the response and the next

threshold@ of all produotion. asoolatoid with the expected stilulu prse.ntotioe. During this period the model

stiluas. Howver, the alternation mechanism n n oly be ocontmnued to redOatribatn activation, and to root to any

Offoativo If the 131 1. lo. enough for the "elevant into-nally generated stimuli In the SnaOar describod

produotlon to be *lehtod. This contractA with the above. Pol B iA a replotting Of girby'n date ror the

repetition mOhanism, Whinh cam onl be effective st short 2000 e.o. 131 oonditlOn. In both the imuilated and the

k .horn. datS, r"petition ofset. do no appear, but
el~aOtto. effects do.

Figure 6 doemnstrted reopen.. and alternatiod

effoeto at short IoAoo-atIUA intervl*. Panel i In the human date, responso. at the 2000 IS1

*how th. effects is data produod by the oondition were Nor. rapid, overall, than responses in the

produatio -sti.tiou model. Sequence AAA& represents the 50 .... 001 condition. This to not t,.. in the model. No

repotitim. prelentation or the seo stimulus on four attempt hAs been Mad* to reproduce this Ofeant. 0hh wOY

successive trials, 09q4ono. 003 represents presentation be duo to Proporties of the motor Aysten .ther than to

of alternetlrng Atluni. In the run. that produoed thi. the interoation heta. oap-tatio. And stimlus

data st13.11 wore prnsoated Imediately aft., the model idontificntion.

bad mad* a rsPnto•. Thern iA a strnng repetition eafeOt

and so dltortati~l orfot. Panel 5 of Figure 6 Is a

replottlg or KIrby's (1976) data for b1 50 geo 31l

% "" -- ,o. '"
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----------------------- visual external channels. Initially both ch.nol. had null

Figures 6 and 7 her. ignnl (3I) pissed on the., The. siThat n .orraesonded to

----------------------- the light.. Thn., on aperi..ntal trial.. a target (32)

s19nl -e p1..d on see of the channel. briefly. Catch

Sa]intL atte~ntn. BIn oholo. reaotion tin. studies the trial. wore also Included, In whtch no target albal wea

partloipant must Identify a stisl.M that appears In a praos*Oed. (naturally, Elobla also ... d catch trials.)

knees looestio. The mst eerie@ of studio. Involve the The target signal ws then raplaesd with the 31 signal.

detection Of stiauli that sppeer randomly at different

loctions. An experisent by tiouhla (1980) provided the To permit failse alarms, which do occur in this type

motivatioa for the simulation. inohla's observers had to of study, the resemblen hotween 31 and 32 sttnuli ue.

attasd to tee ascii lights, et different locationa in te set at .50.

eiasi Fieid. in tors a the sodel, the tao looetiona

soro treated an separate oatornel vasual ehanoele. On the production stae oaed ia preasented in tahie I.

ech trial one or the ather of the lights sight flioar It oentaine too prodootiona soolatod nith esoh ,isual

briefly. The observer's teok as to jediats whether or obaoo:l. Th. two prodaotione oa ha thought of ae

not a fliahfr bad assorred on either obsannol. Thu the sinalture 
5
ohoio raotiea produotone itgin each

dapeadeat Vorlablo se the probability of a eorreat obnoel. One r*asgelned etinulee 31. end the othar

detentlon, rather thea the lateoy of a response. Th* reOgnluad stlaulus 32. . trial on nhloh a aigeal Was

ohie independent varlible i the ezperlonet was the preecated Wa. Judged serent if either ef thy produotlos

priority that the observer wsa to assign to each ohaonel. r reeognlalsg 32 nan 2aleotod for exseoution. n catch

Priority wos determised by instructlons, sad by points trials, the firing of one of these produotion na. recorded

rewarded for a sorrest detention. an a re* alarm.

the 0leslatios fr this task We. eloeoly related to

the CRT lslotien. Ieforsatio mns presented over the toe

- - -- V
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Tble I Nlr. 

------------------

--------------- Figure 8 H .l

figure 0 show. 
the an..Oi 

.OtlOltlO network-

associated with the pOomotion oFto.. A2 Produotlon. Veo Prow thlA --It of study 1. oooo11F represented

..o. assigned to the visual 0Od.. Sin.. .11 produotloO as a Opertor.no oplratlng OlraOotrlr.til (POC), In

00P. 0t the A0m. level (doteotion of n eleentary viu01 0h10h th aeor0oy of doteotion or torgot 0o on. oh.n..l

dlplay) eacb production poltvlOvlY primed Itself, end Is plotted ag1nst the 0oourICy of detection of target, on

10bte6 d11 other prouotooo. the other .. 0..1. 1. lobl' (1980) study the P0C vo.

lnear, providl
i
g that performano was plott4 in tem. or

Th. notion of p-Il0 o.. .id to simulte the orot shit rate., b pr...nI. of targets oorrectly detected. For

Of 1otatIooo, In a m00nr similar to thot developod for the POC to be Ooningful. though, fros. alarm. ho.14

the study of alternation effots. It was assumed tha6, -000 on only - .0011 percentage of th. trial.. (It Is

110.. *11orl,060 1006,006 8, 0 POrOO 0o.14 8.00,060 00 106Iaportantto 0v0. So.. folio 810r,., to onsure tlot th

l rtorool *prl.m10 015n01 toot nold 0000 600 ffgot of ouOJeot 0:0 006 006 00 *Oll000l1 0150 0,160,10o fo,

lowering the ropoe threaholds of all productlon. 00,806 de60tlon. 1?ooo.11, 19701.)

as ...itod w1t0 a portion., obnnel. Th. th0 threlOold

v0u1e for *a0m 00an0e served 0. tbO primary dependent Figur1 9 presents the POC obt0ned by th slllaton.

variablo. Threshold* varied btwee0 I and 0, It to olearly lnear. TO error rot. for 0tch tr1.1 oe

ooploveOtrltly. That I., If threshold z was assigned to :bot 51 o0rll, wit somw0t nor* false alarms

the produotiO of 00an0e 1, threshold 1-0 0.0 .001500d ooo0rr1of 0000 01.0 priority 000 £i:.0 tO 0ne I:0 0600,

to the produotlon# of 0h.00el 2. Of tO. 00000.60. I0060, Or 006 60. |lt ofo t I.

cOaractOeistic Of 0u00 responding to unknown. 61000llo

d406 1 010o 0hon for oomparioon. N060 that In I0l0l'

.- + -. ,v

. .%+ 0++_ _+
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Study *ObJeOtO cver completely Ignored tbe las relevant

utinalt, ao the POC don. mot oover the oxtrant paati Thor@ are a variety of Stroo) situations, *.oh of

that 00a0d be simulated. them producing a somahat different pattern of responseo.

Thia report deals only with a sinulation of a standard

------------- ------ Stroop task, bseed on Stroop's (1935) original experiment.

rIgor. 9 Nor. (A .no aore detailed study of Stroop task. will be

-------------------- reported subsequentlY.) In Stroop'& --parnt

particlpants had to nae the color of Ink 1n whibh words

Strnsf
g 

a ines . The lost sinltloion to be reported deal* lor. printed. The words were themselves color namne; e.g.

witb the Stroop taok, a altuatlon oonsideraby more I*e a*rd CRIBS priited 1s rad 10k. ThS, oInko.Me, 1. a

oomplioated then tob other paradigma deocribed boro. In confliot condition. In a facolitation condition GREEN

Stroup sitnations signls are preented simultaneously o would be plinted In Sross Ink, whle. Jn a neutral

two opearat* aboaela. The participant In toatruotod to condition either a oolor patoh or a noO-Ooior word (o.g.

askst n ldeaitlieaD reposee to tb. stissia. Oh 055 DO0R) woaid he preained in noootd 10k. Id gemorai, If

ulnanni. while iganring thu other. 1k. two etinuit oii ha peopia ere nahad to nano thD ink aeier th.re to a .arked

referred to on the relevant and Irrelevet stiliJ, etowiag of Identification rnpsos in the conflict

rnpsectIelo. There are three basc eparimental condition, and a negligible turceae of speed t the

dmoditiice. 2. the 8e.'.l .oediiioe relevant add froilitatiom condition (Dyep, 173). Senading the word

Itrelevnt stimuli ar. not annoooteod witk either Daenon takes half s muh tie an color nomlg. end Is relatively

or outooli .celiem refpoaeme. In the conflict unlnfluenod b Ink oolor.

comdition the relevant and Irrelevant stimuli have strong,

and mutuaily contradiotory, asociations with the possible Tke aiulttlon of performanoe in the Stroop taok nan

rempoom . tn the facllltating condition the ralevant and haued on tho nhdol propowed by Norto. (likS). Norton used

Irrelisvant stimuli are both highlp ovriearned Cs tot a unnawbat rpaldned Iooahoiary n bm idas will he

the ane oeapamme. rteattd aning tha eoonbalary uf th Pto.uotion Activation
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Model. For those who or. familiar with Norton'. notation, response is made. (NsturallTy. the computer does no

his lemgosS oorr..poed. roughiy to . ode is the ..eatic actually make this response. It 1. simply recorded as

set.nrk. 10 Norton's model there is no elisemt being .eeuted.)

oorresponding diretly to our *production, but the Idea

of B produotloWe. hest activated moen In the spirit of

his notion of the astivation ot logogeae. Table 2 Here

3tlmull are assumed to appear 0n two visual channels,

as in the ease of the simulation of split attention. The The two pert tranolstion from visual to semantic

soties subsequent to reoogo ing vislei stimeil. though, nodes, ad from sesntln to verbal roepodig., my Cee.

ere suoh sore complex then in the cee of the 4esotion clumsy. It we. Included to *stend the simulation to

Operimesnt. table 2 shws the productlon system for a stttoos to which external lstee of Internal

slmPle Stroop task in which the words HID mad 011 might onocepts must be reconsed, Cnd the oecpt. themselves

be preeented to red end gress Ink. It cosists of three must be used to guide the Selention of -responme codes.
,

perts. The viseel produettoec ere esevhst sesge to uomomi for auditory responses. Sho Norton ( lg6di for

theme is the deteotios study; swb oheamel hes 8seooited further Justification of the beoto theory.

with tt prodeetimee for reoognssng either the erde or

Colors for Jrod or tgreen.g 0The motiom perte of thee The visoal prodoettoas oestsis too fentures io their

prodeotiome wash goerets Sn eppropriete semantic pattern pert; one reforrieg to the eoteresi stimulos end

stimules, imdieetine to the 5Fst~e thet s mrmde or 
5
greu, one referrin to the is-trYotioes, I .truoioo er.

stimulus bem occurred. The eomantl etimuis, in turn. is presumed to aet as internally generated goel stimuli that

reoogaieod h &emseti produotions that generate so prime pertioculr productions, In the manner described

internal auditory code indietlng to the system that so enior for the iput Otteetiom mad stimolos iltereation

4oteraml verbal respose is required. she the auditory stedios. Thus it im possihle for e stimoiuP to folay s.rt h

imthrmal signil to reeognised the appropriete verhl a vieal produotiom only It the stimulus is relevant to
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the Instructions gvoen. *oovor lrrolovhSt stimuli m-7 ...................

partially match their asooiated productions. Figure 10 her.

riguro 10 displays the sestls network .asoiaitod

with the productions. Severni asomptions from Morton's figure It d.plete the results of a slulation or the

model are Inoorporated In the figure. On* is that, @a a sx possible $troop condition.. Most of tbo Stroop

result of ooerlaroalnog the forms of words (&nd hence findlng or* repliOted. Tho color ri•Ins-conflOiO

their assooiated prodestines) will hawe beosse asociOted Oondition produoes by for the *lowest respondinS.

dirootip with the acouotie 00des for words. By oontrast, Facilitation effects ore relatively 0al1 for color

color stimull, oad their assoniated productions, ere namins, and non-existont for word naming. There or. two

asoumed to be associated with the &sentic OOdo0 for exception. to the normal Stroop ftindting. in i that the

colors. rather then the saae codes. owever ane codes and -word readlnde Ooaditloss are not a. .. on faster the

saoastle oodem for tolors ar. both assumed to be Sn1or naeing- 00 they ahould be. The socond

noolotato of each othr,. The ettaot of thoao aaaamptions contradlotloe to hamn data is that nfhlist 10 found In

In that Ia a Stroop oonflict aitwatioa the controlad the word rOadies condition. That in. it tokes 1ender tot

prodotloa spaten mnd the automatio oomantlo network the ainlatioc to .rred th word r r pinted in growne k

system partially work against eaoh other. Irrelevant word than It takes to read ORD printed In a noutral color. A

0110011 hOobd o nore otfootico ltorforora them dotaliod JoclFOil of too *ianlatioa Iadicatoo too che

irralolevt olor stimeli hoeceu the word tiell hat. a ntt oooid he aerhedip rodoosd hi innreiag the power

rapid path to the (Incorreot) response, -10 the automatic of the forward association between word ecogatlon and

pooenaing system. auditory pattern recognition. This would involve

nonipulating . parameter thet be. been . Oonot.nt 1- 011

other studles reported bero. While the Manipulation 0serm

a reaonmble one, the data in iguro 10 Oro reported for

nonasitony, and hoorea our aim Is to mow that the eam

i4
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simulatlon con handle the groins phenomena from• variety The I- T- modal

of peredlimA, oether the to dmeeetrets he the model con

be tuned to stle the data from a single situation in Anderson'. heTe model of *emory 000 problem oelnl

resebles the Prodootlon hotinetlon Model loosesel Oays.

greet detail.

Both .r: epeteme for fnterpreting produtions 10 order to

dotermine aotlonm. Both repreent lnformation 10 100e term

rigor 11 here memory using eemantic neteorhs. AcTe contains three types

-f -- teol Otlmu--- oodee; 0odes for opet1l lnformation,

teeporal order, end for ebtract propositiol

Informetion. The three code. are loosely analogou to the

visual auditory, mnd Sementic codes of the Production

Actination Model.

helsted Theoretioal Studie

MoeTBlC ceotlos mill oopre the produotln Aetivatioe The most etrlhInl dlsorepancy hetveen the tao models

odlto thee ether theeretioal proposls;e the Acre model 10 10 the oompleoity of the patterns that sere e vces to

developed by Andoreon (1963.,h), the cascade procesnel production activation. In ACT- production petterns may be

model develhped hI MoClolleed (1979; Momelhmrt end teplee vonditionhl etetemots. or ecample. Andereon

Mocl.l eed, 198), ::d glohe cMAIM model of mmory (1983b, PB. t88) presentm me eIghteen term oonjunction as
etorme sind retrieval. These mod-eshould not he the pettera pert of a productilon for reconleing the Cord

oonsldered m. CeetSndlng esplanetion Of the mane H Seyeral of the ter.e in this conjunction ers

phesomnee seelymed ehleg the Produotloe Aotlvetloe Model. themsebves eonjonotae. ueh petters. ere Olearly mesh

rop do they eomteed sth eoC other. The dlffersnt modelm more oomplax then the patteres deelt nlth 1n the present

represet oemplementary Ba sompd tle approachee to etudles of the Prodeotom naotetien Model. Ioever,

dlstlmet, hut related, seeltlie hehalis oomplelty alone doe met represent a beec dlmtinotion.

It would be peonelhl to repreent Anderson's eighteen tore

m m m U
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conjunotion within the Produotlon Aotiatlos fi...Work, C ra..ork than sIthio tho Productlo iotltl- oo fre .or.

and there Is every reason to believe that people do have Whether this should be regarded as a strength or easknoss

the ability to reooglnie tople. aituations. I more basc is a matt-. of debate. Linear systems can he Justiried by

dlfftence between tha .odal 1. I the techniqu. that reference to s1mple neural models. How...r n..r •yat...

are used to eatch stimuli to patterns. are probably not powerful enough to model all human

patter reoogolJlon. DO.. uch modeling require a system

In ACT
• 

patterns are matohed to stimuli using a of the omplexilty of data flow neaworks? Th. naver to

computational method known as data-flow pattern mSohlag this question IS ot known.

(Porgy, 1979). E.plallog the details Of msuc a mapping

would be beyond tbe sope of this paper. Th. Important A similar remark can he made about the use of codes

point is that a commitment to th data flow matohing dos to defin the pattern part. of prodouction.. The Production

not restrist the logical complexity of the desoription of Aotivation Nodel contains the strong asumption that

th slass of stilil that aotivate a given production (1). patterns are s efned only witbin a code type. It to for

, sntrat. bths PoUotlos loti:ation Nodel usae a llnear tis reaaow that prodaotlona Omptts sotbvablon only

dinorlImIntios prtodwr. to dste~ins tOS rellts withln lips.. sf produotloos; sdltsry produ.toon with

.t9Oggha of **tobes betwees the sarl.t atiesl. &ad te th-elvm but not with visual productioOn, a
n
d so forth.

patterns sared in long term aemory. There are Although &CT. has three code type, there i apparentl no

Interestlng, relatliely simple Olassifloction Pula. that requirement that the pattern of a production be restricted

cannot be ailized by a lnear disOrlmination proodure using only one sode typo. ACT# could reoognia a

(Minsky and Paport, 1968). for instianc, the rOns-modal stimulus, soh as a barking dog, by sctivatin$

blooglitionl rule (Ag Item is a member of wlnss I If it a Single productloo. Thus iCT- sasmas a primitive ahility

be* both fsnturme a and b or If it haa esither feature) for oron-modal Integration. while the production

cannot bo roglinod by .sob a pr...dr., nltbough It oould aotivation model requiesa a sub-model of the Integration

be rallsad by data fil pattern matcbing. Therefore nor. prot..

poworfat produatlOng san b stated witi tbe oCT.
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1n the Pattern Activation Modal a stimulus Is defined it possible to autoate responding to stimuli defined In

to an ordered not of features on a particular ohannel. terms of sore thn one internal Cod? Or defined I t.rs

ACT* dome not hass a similar concept of channels 1itin a of the combinatlon of Infortion on more than one

code type. Thu. ACT- bes the capabllity of r..otlog channel?

dlreotly (I... by the sasching of ' .sigl# production) to

a stimulus defined by the totlilty of features present In ACTS ad the Production Activation model al. differ

the external orld, wh1le the Produotion Activation Mol markedly In their treatment of reaotLon time.. In the

mst build Up an latersal representation of that stimulus, Produotio Aotivation syltem response times are derived

by recognizing the presenas of patterns on different fros the dynamic. of the development of -tllation 10.01s

stimulus ohannels, and using theme recognitions to piece asoociated with the various productions. In ACTs reaction

together a0 Internally generated coding of the total time. for memory retrleva are cosputed as a function or

stimulus oosple. properties of the distributon of aotivation I a sotable

so.atlc sath, sfter th. dysaslo phbs of a response to

The dlstlnotlon bet.en production actlations based h stimulus baa been ospilad. Tba diffaros i emphasis

on r::trlotad or .nrestrloted pattero roognltIon Is 4 Ia appropriate, considering the differec. 1n the type or

srio.s th.oretioal issue. Is to. ACT. 'r -oork a oros process being studied. te Production Aotivation Model

modal stiulus. or a oromaochasnsl stlmulus within a studio* baes bea focussed on situations requirlng rapid

partioular mode of prasetatios, ould activate a responses to *aatip reosnoled atsoll. Tb. respose

produotion dlreotly. Therefor. It 0ould inItiate automatl tIs 0108 .o8.1ed ap, aldos sor. tbn a se0oad. Tb.

data processlag within th. ansotio network. galls retrlval proosss . tuied 10 aCT* simulaion• (1ndero,

.s.thing resembling os oda1 (or cros channel) t983a) say take several .aoesdS. I sees reasabI to

satosstlo data prooosslng could occur In the ProduotIon regard thou a the result o a as.rob pross 10.1

Activation odel, through partial arousal of patterns, to. :alss table activlty or a m0masti satuork, .. atad of

asount of autosatio intormation prooessing would ba t. baig asn offshoot or the alntlW dynamic response of

limited. This rolasa an Important empirioal questbon. Is the ayatas to stimulus prosestatI0". Anderson do.. nt

. ; -0
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offer a odal of the scarob proess itself. a clumsy computational Cuica, so one would hardly propose

dvoeloplna a working model for use In extensive

The. differenoeo between "b. models Con be resolved simulatons. The development of one or tno simulation to

by regardlng ACT* and the Production aotlvation Model as test the extent of compl...ntorlty would be interesting

complementary models that de.1 with dlTferot Phenomena, ... r~loe 1n theory develop.ent.

In a compatlblt mansr. ACT- model* have been proposed

far the Ietl . of Infor.al o fro. memory, *nd for Thorn or. no0e airir di..r09.1..o. bet.... the model.

0coplex cognitive Aa, muoh an Solving problems to plans that require brief cnnoent. ACT
• 
and the Production

geomotry. Am .021Y.1- Of much actions by models that Actlvation model differ in tho detail. of the algorithn

heg.. -Ith Pbh.000• St the level of phylcal 0ti.alC. that are used to ex0001 varlono Actios; 0.5. to compute

reogntiloln would quickly becone hopelssly oomplicated. the spread of actlvation levels through the seantic

The Produotion Actilation od0l ba been deined to de1 notnoak. otto• tb. •urront el.1e of hnonledge concernind

w i t h t h e s e p r o o le o l y m o r e m o l e c u l a 
r s i t u a t i o n s ( 2 ) .I 

n . a l l a n o f 
-o:nt.o o c tI n , t h e u e o 'l : 1t y

dloferent alorlth.0 S'. a Oln r di:r.o cy. At 0030

00 ooflecturo that ACT6 oould be recroated as a 00t pint, thugh a tbeOretlosl juotlftostlon Should he

or prodootlomo to be executed by the Produotion Activation offorod fTr all algorithm$ used Is a simulation. This

Model. Dot, flow Networks. whlh are treated .8 point •11 ho dllnouOed agsle, In oonneotloO Sith

primitives by ACT-, ould he treated so decision pr-oss *oClelladr 00.008. 0 ol nfotatiod proaail.

to be modeled. The conploN pattern- reoognltod dlreotly

by ACTD would thn be *o0.
d

, 00 0 response, by the flnlly, ACT* I- programmed In LISP, while the

Ppeo0tlon 0ystem nodal. Similarly, Cosas nodal Produocton Actllation Model has booe progressed io PASCAL.

Itegrationo oould be si1ulted using the Produotlon ThIs dio :,pnO I 10 p0rely 0 toohninal 000. eod hoo .o

ALtilotlo. model. *.d the output of the silatlon e.. d0 poyoboloaioal s ntoIg floo IhatOn.,.

an solemethryO St1ulu feature In the ACTS fraoeork.

The rosaltlOg ellotioo program 0ould almot Cortainly be

- -, .. . - .
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Q.... _ _Models of matter_ r_....._i__ facllatory. ?his ls exactly the sch... u.. to connect

the nodes representiwg s.santicn. vlsualu, and

In tbn Production Activatlon Model pro.ss.s -auditory* patterns in the Production Activation Model

associated with the @nlection of a production at one stage (3). Therefore the networks used In the Production

of Information processing can begin before the completion Activation Model could be thought of as specific e...ples

of proessing at prior stages. For example, if a visual of the cascade network. that MoClalland describes.

stimulus is prosented the activation of relevant visual

pottern& can feed motivation forward to semantic patterns, MoCilland's Modeln have bee applied to the

before Ay production break. throigh the visual bottleneck simulation of word recognition of words (iunnlhsrt and

point to be exeouted. Thl contret& W4tb aerial modsJ. McClelland. 1902; 5NCl.liand and Eunvihart, 1981). In

of inronation pronessing, which require the completion of these studis the proes. of recognition beln with the

analymem at one stags before a subsquent stage can begin. Identification of very simple visual featur. such an

MoCelllnd con(979) e d ths term -C&sode Processing to horizontal or vertical line segments, and word and ietter

refer to models whiob haye this charawtariwtlc. Me recognition is derived. in the Production acticatuon

presented a detailed u4eacrihtioo of a particular olssw of studies atilueu rncogntilon at tho word level in wawertad

ca.ads *odel*. 3abseqontly, *umlhsrt and MoClelland an a primitive proceas. It .ouid be powaihle to regard

(1982) ased the cascade odel a. the basis for a MoClelland'. work as an aplyJd of ho, actlvation I-

simulation of visual word recognition. spread from levol to lvl, end the Production Activation

studies as a.alyses of the consequence of that spread.

In oCleiland-s oe*ad. model, concepts to memory are The wane view could be taken of the relation between

represented by nodes that ary In their level of HoClelland's work and Andersnns.

activatioS. The nods in a network are divided into

subsete (ilel). Connections betwen nodes on the seee MOCGlieand's modela deal only aith pattern

level are predominately Inhibitory, while conenotions recegition and memory arousal. In lhe terminology or the

betoton sodes In different levels are generally Produetion Aotivation Model. .*scads proceasing io a

Yff
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asnhanlas that could be used to produce automatic In the mathematlcal analysl of payohoiogleal theories.

reepondlag. ?he .sead. model do.* act deal with

oehanlamn for controlled respondlng.

There 1. on. Onfllot betw.n MCllloda0 nodels and ich (1962) has developed a *Coaposite Holographic

the nodels explored within the Prodottloa detivation dasoltIon and Notrlav.! Nodal, bncae the acrony. In

framework. In NoClelland-a model the spread of activation the CHAIN aodal a stimulus i a vector of fleature

fro code to node Is ooOtrolled by t algorlithm that has strangtha. Associations between two atiull ore

the dealrahle property of almiting the aosl.. ettataob natahisahed by storin the convolution of tha two stimulnu

level of any mnde to a pro-Oatabllabd asymptotio value. vectors. Storing the convolution of stimulus vetor.

The algorithm used Io the Production Activation model produce an Inforation atorag* system sallar to the

could, In thaory, produce an arhitrarily high level of *emory* displayed by a holograph, whlnh store. the

Sa t l n a ti n t t a y o n . o d e . a l l a t h i a ai t a t o n h a a n o t o n o u I o n o f t h a l gh t s p e t r a f l l i ns o n ft f r o n

loan eoaaamtarsd In practin., ita possibility I. dlfferent ooran R/ch han ahoon that the infornatton

o t h r ao m e h a n au n e t b e p o t e n t i a l f o r a l tm i t l e s s o n t l n d I n t h a Co n nv o l t o n a j h a o n h i ne d w i t h

aatdvatloa level seena ueroeliatlo. C te atteapte here lnfnrnation In a probe stiaulus (l.e. a tonail ons) to

haen nad. to Pnprndaoa tha olnalationa reported hore, roeonatroot the origtale stimatus.

eale, Nocioliandae algoritha for aproadlng aotivatIon

thro~b te ntwor. I Bon orthe oos stuieddad he loha nodal doaa not nontaln a production nyatan

aodoa~a behavIa, resemble human dta. Intaraatlngly, atao, nhloh Ia not sarorlalna sines tha nodal naa sen

Addrnon (1983h) raporta siallar resolts when NoClaliaadae presented aolalp aa a model of aenory. CHAIN Ia dlnoacand

aigorltha nan Inoorporatad lato ACT'. gine. the aaoaoa or here hoaaaa St ooald ha Innorporatad Into tha Produotion

tha algorltha Ca elanlatla, tha date fran stimulas Lotlvatloa Nodal aa an anplanatlon of the pattern

raooaitinnoaitttioaa Ita failara La thne •aulatlonn roangoltio presses that Ia a prinitive in tha Produotion

Ia pannljag. Sanviag thia pnlao noald ha a aaefal atady dotlsatjoa nodel. ho Iha nodal apaolflod hoe *tlboll are
tbl:,:It

I::I::bag 

ac
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recognized by a oompttog the 1nimlarity between the not be solwbie without sco.e. to the very large, high

stimulus complex and the pattern reoognition part of a speed array proceseing computers that are just now

production. Similarity Is defined to be a weighted aum of becoming ... ilable. The e.pIortioes of this clse of

the resemblance between features of the stimulus and pseychological model. may be wall be limited by the

features of the pattern. Ho the pattern came to be In computing power available to the researchers.

long term memory 1. s problem outmid* of the scope of the

model. Blob' pronposal provides aotivation for en Summary

alternative model, in which each pattern 1e . record of

the convolutlon of the stimulu-stimouln sequences that The Production ictivation 040e1 incorporates tuo

the system has experienced. If Zinh's model wer to be ideas; the use of a semantie network to activate concepts

Incorporated a. the pattern recognition process for held In long term mamory and the use of production spstems

prod otIos aotisvtion, this ou1d at once provide sn to manipulate Information im working memory. The sementic

elementary learning mechanism and offer a meohanlam for network 1seon s ontrolling mutomatic, highly

pattern reoognition that 0ould be justified by appeal to overlearned responding. The working memory system
aepportis; peyehologiosl stodies, rather then to thn determioso sloeer, controlled responding hosed On

reserioe that it prodes reaaonabie resulta. deoieione Code aobut the current stimolue complee. The

model hs been Used to oostruct simulations of humsn

While the idea of Incorporating both ths .s..de behavior In a variety or paradigm. in which people most

proesesing and CHARM .dels within the Production choose nuicly between podeobis Interprettions of the

hativetio framework is a conceptually sppealing one, the otimlu: moniior to sieulcs channel• for reeIant

teobincl problems of incorporation should not b information, or -spond to one channel while Ignoring

underestimated. Both the CHARM and osmcede proceesieg another. The sucOens Of the simulations indicates that

models require extensive numerial Oomputation. The the -odel be considerable breadth of applicton.

ooupatatoensl burdene of the Production Activation model

Itself are net trivial (e). The computational problem msy The logical relation between the Production
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Actistion Model ad other models of memory and attention or. at one. broad and procie.

we. .o.old r.d. Th. Production Activation Mo4ol deal.

with proceses or* molecular than thoe. described In

Anderson's ACT. A. a onjotr., v• beliove that the

prinoiple renturt. of ACT- could be roprograneod as a

special 0a.. of the Production Activation m8el. In

turn. NoClelland'& mod.es of coode prooosslng and Kiehl%

CHAIN model of Memory nan be thought of as models for

prooeS.o. that or. treated A. primitive motion. 1. the

Produotto. Autivation Nodal.

Notboxatlenl models of psychologlal phonomen have

bha.n rltiulo.d for bole1 elabor.t .odels of highly

*po.l0tied iaboratory parsdlbta. Tho mrh reported her.

partially refutes such a claim. Obt ha been ahove Is

that there Is considorable oompotohility betwsen the ideas

mood 1. the analysis or such disparate situations as two

chb.e reactios time ezperimenta and the analysis of

protocols taken from Master whose players. A groat deal of

further thooretlcal work remains to be does to zplor.

various area of comp.tability and iooptability. Some

aipots of the rurtber work ill require extensive

computtS ftollitiOS I- order to oaduct tht seasoSry

simuctios. NeSrthbeloos. we arm nonursgod St tho

prospocts for development of psyohological theories that

.;01
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I. Aderon's 4.tS floe netorks contain nodes that han

compote logical finotions of their ihputs. Sn.. for

inats. the esampl. prolid.d le Anderson. 19836. Pg.

139-Sh. len this much .o.ptling poeer, It Is not

clear that there are Any limits to data flo networ.a

other than those that apply to Turing machines. 1n

or. psychological term., CICT providea no principles

to imlt the complexity of pattern. that can be

recognited directly.

0. Andersoo (1983b) has Sketched wee In which ACT*

might be applied to patten recognition end attentioh

and perforlao. paradigma similar to theae studied

.. . .. '
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her.. Mis detaited studies, however, he.. ban of much

more Somles situation@ Involving learning, problem Figure Caption-

solving, and long tern memory ratileoal (Anderson,

1983ab). A cbhebatl of the architecture of the

prOduction-actlvation model.

3. Th. organization of nodal In the Production System

Model wsn bsaed on earlier work by Runt (196T). TLhr e. Tha smantic network used to connect

loClellund'5 (1979) detailed nalysis of nsold. models productions in simuiting a two-cholen reaction tim

represents the parallel evolution of a Similar Ida. study. V1.) is the rule -if nias.I stimulus . in

Th general noapt of lateral Inhibition coupled with rlco1gniod, create ..mantic Stimulus StI.- S1.) 1 the

positive feed forward circuits alIS appaers in a number rule -if nomanic itimulu o in present make response.

of other popoamis far matbematiosi madals of

biological information prooneaeng. LiSAJzL . A nuition of Hick's la. action time

increases logsrithmicslly with the number of alternatives

4. the simulations reported in this article required 1o the lodel. gs.a data from Taylor's (1982) study shows

several bours of central processor tise on a TAX 180 a similar relation.

computing system. This does not Inolude time for

program development or for exploratory computations. I Racion tiln snd accuracy nre both inoread

by Increasing the DELTA paranatar. Thin mimic. the

negative speed-accur raistion.

reSa.. ESctilon time Increae. aad accuracy decreaseas

ift anie Is added to the Sstem, internally (PISur -s) or

if the simlinrity between atlnli in Inornased (Pigure

sb).

• 1
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Figureh-. V.op••dlng to repetltlve stImlI (AAiA) Or

alternatlinga .quncas (IAIS) as a funotlon of the posItito

of the Sititltulus In aqumoot. Panel A shows data from

the modal. Panel B o... dat. from Ilrby'. (1976) study.

Data is shon for abort 131 conditions.

L...ZJi--t RopondIng to r.pettti. stimul (Aia) or

alternating sequoceso (IABI) as a fuotlon of the posltion

of the stimolua in a Panelnol, Plnll A boya dat. from

the modal. Pmael 0 bows data from trbi'a (1976) stody.

Veto I. bome fo loss 2SI oondlaon.

figur The semantic mctlvation ntmork used to

simulate the .l.lta.oo. moitorint 0local channel..

I± 1L--UL The performne operating oharacterlatl for

monitoring too ohnnls. SqUarem ire dota produced by the

-04.1. Triangles Arm data .plott*4 fro iinchla's (1980)

atody.

flous 1J, Tb seantic network used to aimulate atroop

phenomena.

rIttL- J- Time to react as a function of condition. in

standard Stroup paradigm.

ai
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Attention and Problem Solving

Table 1

1. If S1 is on channel 1 -> do nothing

2. If S2 is on channel 1 -> Mark "target*

3. If S1 is on channel 2 -> do nothing

4. If S2 Is on channel 2 -> Mark Itarget'

Production System for Visual Monitoring Study

o'

84 04 11 050

j.-----
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Attention and Problem Solving

Table 2

Visual Productions

If the instructions are to respond to the word and the word is

RED then->

Generate semantic code jeA

If the instructions are to respond to the word and the word is

GREEN then -->

Generate semantic code ared.

If the instructions are to respond to the color and the color i1

red then -- >

Generate semantic code r"

If the instructions are to respond to the color and the color is

green then -- >

Generate semantic code £ .

I

1.. ___ ___ _ __ ___ ___ ___ ____ ___ ___ ___
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Attention and Problem Solving

Table 2 (continued)

Semantic Productions

If the semantic code is r" then -- >

Generate auditory code /red/.

If the semantic code is LrAAa then -- >

Generate auditory code /green/.

Auditory Productions

If the auditory code is /red/ then -- >

Make external response "red.*

If the auditory code is /green/ then -- >

Make external response "green.'

Productions used to simulate Stroop Task.

i'K
_ _ _ '
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